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Background:  Fontan patients suffer from a chronically depressed cardiac index (CI) that often worsens over time. Serum biomarker measurement 
is minimally invasive, widely available and may be useful for serial monitoring of Fontan hemodynamics. The purpose of this study was to identify 
serum biomarkers that correlate with lower CI in Fontan patients.
Methods:  This retrospective case series performed at 8 centers compared MRI-derived CI to serum biomarkers. Fontan patients were included 
if: age ≥ 6 yrs; had an MRI with phase contrast CI measured in the vena cavae or pulmonary arteries; and had biochemical and hematopoietic 
biomarkers [liver function tests, serum creatinine to estimate creatinine clearance (eCrCl), complete blood count with mean corpuscular volume 
(MCV)] obtained ± 12 mo from MRI. Medical history and biomarker values were obtained by chart review. Normative biomarker data from QUEST 
Diagnostics were used to create age and sex specific LMS curves to calculate age-specific z-scores for each biomarker. eCrCl was calculated by the 
Schwartz formula. Associations between biomarker z-scores and CI were assessed by Spearman Rank correlation. For biomarkers with significant 
correlations, comparisons were made between low CI (lowest quartile) and high CI (top 3 quartiles) groups using the Median test.
Results:  Ninety-seven patients met inclusion criteria: 57% male; 75% Caucasian; dominant ventricle (47% left, 42% right, 11% not-specified). 
Median age at Fontan was 3 (1-25) yrs and at MRI was 15 (6-33) yrs. Fontan type was 51% lateral tunnel, 32% extracardiac, 16% atriopulmonary, 
1% atrioventricular. Significant correlations were found between CI and total alkaline phosphatase (ALP) (-0.26, p=0.04), eCrCl (0.26, p=0.02), and 
MCV (-0.32, p<0.01). Comparisons between low CI (<2.14 L/min/m2) and high CI groups for the significant biomarkers revealed: ALP (z-score) 0.67 
vs 0.05, p=0.10; eCrCl (ml/min/1.73m2) 82.0 vs 95.2, p=0.02; MCV (z-score) 0.23 vs -0.42, p=0.04.
Conclusions:  Biomarkers that correlate with lower CI in Fontan patients include higher ALP and MCV, and lower eCrCl. The use of biomarkers to 
monitor hemodynamics and organ specific effects warrants prospective investigation.
